Presynaptic cholinergic actions by the putative cognitive enhancing agent DuP 996.
3,3-Bis(4-pyridinylmethyl)-1-phenylindolin-2-one (DuP 996), an agent that improves the performance of rodents on memory-related behavioral tasks, was tested in rat hippocampal synaptosomes to evaluate putative direct central nervous system cholinoregulatory actions. At low micromolar concentrations, DuP 996 enhanced stimulated [3H]acetylcholine ([3H]ACh) release in a manner that was markedly dependent upon experimental test conditions. For tissues exposed to potassium-enriched buffer (9.4-40 mM KCl) or calcium-enriched buffer (for calcium-naive synaptosomes), DuP 996 facilitated [3H]ACh release (EC50 = 0.5 microM) only when extracellular potassium was moderately elevated (15-22.5 mM); at lower or higher potassium concentrations, DuP 996 failed to influence calcium-dependent transmitter release. However, under conditions where DuP 996 was maximally effective, there was no apparent change in presynaptic inhibition mediated through muscarinic autoreceptors. In contrast, when synaptosomes were depolarized before drug infusion (S2/S1 paradigm), the facilitatory action of DuP 996 was approximately 10-fold less potent and exhibited no dependence on extracellular potassium concentration. Relevant to the latter observation, it was noted that brief treatment with DuP 996 produced a long-lasting activation of synaptosomal high-affinity [3H]choline uptake that was completely calcium dependent and additive with high potassium. Taken together, these results indicate that DuP 996 exerts two direct but possibly distinct actions on hippocampal cholinergic nerve endings. First, this drug facilitates stimulus-dependent release of ACh through a mechanism or site that appears to be influenced by the neuronal membrane potential. In addition, DuP 996 enhances ACh synthesis and, thereby, may help replenish releasable stores of transmitter and maintain synaptic transmission during periods of intense (repetitive) neuronal firing.